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Abstract

Background: Trunk flexion has been considered as an important risk factor for low back pain (LBP) in blue-collar
workers. There is controversy about this claim, and prior reviews mainly included studies assessing trunk flexion with
questionnaires and/or outside of the work setting.

Objective: In this systematic review, we aimed to investigate the association between objectively measured trunk flexion
at work and LBP in blue-collar workers from epidemiological studies.

Methods: Literature searches were performed in PubMed, Embase and Web of Science until June 2024. Cross-sectional
and longitudinal cohort studies were included if they objectively measured trunk flexion (amplitude and duration) under
normal working conditions in blue collar workers. Two reviewers independently performed study selection, data extrac-
tion and risk of bias assessment, and studies were described narratively.

Results: From 800 references, four studies with 2013 participants in total were included. There was no evidence for an
association between trunk flexion amplitude/duration and increased LBP prevalence, incidence and/or intensity. One
study showed an association between higher duration of trunk flexion above 30° and reduced risk of LBP (hazard
ratio 0.87, 95%Cl: 0.78-0.97).

Conclusions: These results suggest that trunk flexion is not associated with LBP development or aggravation in blue-
collar workers. However, based on the limited number of studies and lack of geographical diversity, the certainty of evi-
dence is low and more evidence is needed from studies with objective measures of trunk flexion at work.
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flexion does not independently increase the risk of develop-
ing or aggravating LBP,”'° and that reducing trunk flexion
is not an effective intervention for the prevention of LBP.!!

Introduction

Low back pain (LBP) is a frequent and burdensome health
problem."? It is the leading cause of disability worldwide®"*
and severely compromises the quality of life of individuals
in terms of daily activities, work, leisure and social
relationships.>®

LBP is considered a complex multifactorial problem with
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biomechanical, psychological and social risk factors being
associated with the onset and development of the condi-
tion.>’ Historically, biomechanical factors have been dom-
inant in LBP research, and maintaining a “good” posture,
avoiding trunk flexion and carrying and lifting loads with
a straight back are still frequently being recommended to
prevent the development of LBP.® Over the past decades,
studies questioned these recommendations and suggested
that biomechanical factors were not the primary risk factor
for LBP.? In particular, prior research suggested that trunk
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Investigating the association between trunk flexion and
LBP is particularly important in blue-collar workers, as
they are often exposed to high physical work demands
and repetitive movements,12 in which trunk flexion is
rather common. Moreover, the prevalence of LBP in blue-
collar occupations has been measured around 55%, which
is higher than in less physically demanding occupa-
tions. !> !4 Yet, current evidence in blue-collar workers is
mostly limited to studies assessing trunk flexion with self-
reports”™'® or conducted outside the work setting.'’
Self-reports are known to have a limited validity compared
to objective measures,'®!” while studies in laboratory set-
tings may have limited external validity as they do not
reflect the actual behavior at work. Therefore, it is critical
to have objective measures of trunk flexion at work in epi-
demiological studies to investigate the association between
trunk flexion and LBP in blue-collar workers.

To conclude, current evidence on the association
between trunk flexion and LBP in blue-collar workers is
limited. The uncertainty in the evidence limits the provision
of evidenced-based occupational health policies for those
exposed to trunk flexion and impacted by LBP.
Therefore, the aim of this systematic review was to investi-
gate the association between objectively measured trunk
flexion at work and LBP in blue-collar workers. Based on
prior reviews, we hypothesized that there would be no
strong evidence for an association between trunk flexion
and LBP among blue-collar workers.”'”

Materials and methods

This systematic review was conducted according to the
“Preferred Reporting Items for Systematic reviews and
Meta-Analyses” (PRISMA) guidelines.'® Our protocol
was registered on PROSPERO (CRD42023408046).

Eligibility criteria

Cross-sectional and longitudinal cohort studies with
samples of adult blue-collar workers were included.
Language of studies was limited to English and French.
Blue-collar workers were defined as individuals performing
manual labor at work. Types of work may include, for
instance, manufactures, cleaners, transportation or construc-
tion. To be comprehensive, studies including blue-collar
workers together with other working groups were included
only if blue-collar workers represented more than half of the
study sample. These studies were analyzed cautiously, and
their results were presented separately. Trunk flexion amp-
litude and duration had to be measured objectively in the
field and under normal working conditions, over a full
working day or divided into shorter periods distributed
throughout the day. In this context, objective measurements
refer to measures that are collected with motion analysis
systems (i.e., camera-based systems, wearable sensors,

etc.) and that are not self-reported by the participants (i.e.,
questionnaires) to avoid reporting or recall bias by partici-
pants. Studies measuring trunk flexion objectively in spe-
cific tasks outside of the working field (i.e., in laboratory
or clinical and research settings) were excluded because
they did not represent natural working conditions.
Included studies also had to assess the prevalence, inci-
dence or intensity of LBP as a dependent variable.
Blue-collar workers with and without LBP were included,
as it allowed to assess the association between trunk
flexion and the intensity of LBP (in people with LBP) and
the incidence of LBP (in people without LBP). Case
studies and studies with a limited number of participants
(less than 30) were excluded because of their poor general-
izability. Finally, statistical associations between trunk
flexion and LBP had to be present in the article.

Article selection

We performed a literature search in the following biblio-
graphic databases: PubMed, Embase and Web of Science
until June 10™ 2024. Key words and search equations
were formulated with the help of a professional librarian
(Appendix A). After removing duplicates, articles were ini-
tially preselected by two authors separately, by screening
titles and abstracts for eligibility. Potentially eligible articles
were obtained in full-text and each of the two authors
selected separately the articles that met the inclusion cri-
teria. Finally, both authors compared their respective pre-
selection and after discussion and resolution of conflicts
by consensus, a final list of included studies was drawn
up. In case of disagreement, a third reviewer was consulted.
Deduplication was performed to ensure that similar data
was not included twice. In one specific case, two studies
included an overlapping study sample with similar
results.'>*® We kept the study with the higher number of
participants®® and excluded the other one.

Data extraction

One author performed the data extraction, and tables were
controlled by two other authors. We extracted from each
article the study design, the population and sample size, the
methods of measurement of the exposure and the outcome,
the follow-up period for longitudinal studies and the confoun-
ders included in the analyses. We also extracted the statistical
associations (eg. correlation coefficients, hazard ratio, ...)
between trunk flexion amplitude and duration and LBP.

Risk of bias assessment

The QUIPS tool (Quality in Prognosis Studies) was used to
assess risk of bias of included studies,21 with categories:
study participation, study attrition, prognostic factor meas-
urement, outcome measurement, study confounders, and
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statistical analysis and reporting. In this review, the prog-
nostic factor was a measure of the exposure to trunk
flexion and the outcome was the prevalence, incidence or
intensity of LBP. Two authors (AM & TP) assessed each
study separately. Both authors compared their assessments,
and any discrepancies were resolved through discussion
until consensus was reached, after which the results were
combined. In case of disagreement, a third reviewer was
consulted. A color code was used for visual presentation.
Here, red corresponded to a high risk of bias, orange to a
moderate risk of bias and green to a low risk of bias, in
each of the risk of bias categories. As recommended by
the authors of the QUIPS tool*! and as it was done in the
review of @veras et al.,22 an overall risk of bias score was
assigned to each study. An overall high risk of bias corre-
sponded to >2 red and >2 orange categories, an overall
moderate risk of bias to 1 or 2 reds and >1 orange, and
an overall low risk of bias to maximum one red.

Data synthesis

Given the limited number of included studies and the vari-
ability in units of measurement and categorization, the find-
ings were synthesized narratively, based on extracted data
and risk of bias. To be able to compare the results from
the studies, they were divided into three categories: low
exposure (trunk flexion >30° and <5% of the working
time in trunk flexion >60°), moderate exposure (trunk
flexion >60°) and high exposure (trunk flexion >90°), as
it has been commonly done in the literature.”*** When
available, statistics obtained after adjustment for confound-
ing factors were reported.

Results

Study selection and characteristics

A total of 800 articles were identified in our database search.
After selection according to the eligibility criteria, four arti-
cles were selected for inclusion in this review (Figure 1),
with study characteristics shown in Table 1. These studies
were published between 2013 and 2019 and were all from
northern and western European countries. The study pub-
lished in 2013 used data collected between 1994 and 1998.
Three studies had a longitudinal cohort design, with a
follow-up duration between 1 and 3 years,”***** and one
had a cross-sectional design.”> A total of 2013 participants
constituted the study sample and were all blue-collar
workers in three studies (n=927).2>° In Coenen et al.
(2013), the sample (n=1086) consisted mainly of blue-
collar workers (around 60%, 652 workers), but also a propor-
tion of white-collar workers (around 40%, 434 workers).?’

In three studies,B*25 trunk flexion was measured using tri-
axial accelerometers (Actigraph GT3X+, Actigraph LLC,
Pensacola, FL, USA). Measurement time included an

average of 16.4 (+9.9) and 7.6 work hours per day in the
studies by Lunde et al.> and Villumsen et al.,* respectively.
One study used videos captured at the workplace to assess
trunk flexion.”® For each worker, four video sequences of
between 5 and 14 min were recorded at random times
during the day. The workers were then divided into groups,
according to the type of work and activities, and the videos
were analyzed for a quarter of the workers in each group.
The various data collected, including trunk flexion amplitude
and duration, were then extrapolated to a full working day
and to the whole group.

Three studies measured LBP using a modified version of
the Standardized Nordic Questionnaire for the Analysis of
Musculoskeletal Symptc)ms,20’24’25 with some studies
reporting pain intensity and others reporting only the preva-
lence of LBP. One study assessed LBP on a 0—4 scale.”
The follow-up in the three longitudinal cohort studies also
consisted of self-reported LBP, and some studies added
additional questions about possible changes to the work
conditions. Confounding factors were assessed at baseline
using anthropometric measurements and questionnaires
about working conditions, psychological and social
factors. These factors were then considered in the statistical
analysis of three studies.’****

Risk of bias assessment

Three studies showed low risk of bias (Figure 2). One study
was judged to have a moderate risk of bias due to the meas-
urement tool used and the short duration of exposure assess-
ment. The inclusion of white-collar workers in the sample
of this study also increased the risk of bias in relation to
our aimed population. It is important to note that we
assessed the risk of bias regarding our research question,
and not the study quality per se. Full analysis of risk of
bias for each study is available in the Appendices B-E.

Results of included studies

Table 2 presents the detailed results of the included studies.
Time-spent in >30° trunk flexion was not associated with
LBP in the studies of Coenen et al.?’ and Lunde et al.*
In the study from Lagersted-Olsen et al., an inverse associ-
ation was found, suggesting that time-spent in >30° trunk
flexion was associated with reduced risk of development
of LBP (hazard ratio (HR) 0.87, 95%CI: 0.78-0.97, p=
0.01).** This was also supported by the study of
Villumsen et al.,> in which all models provided a general
non-significant trend toward an inverse association (e.g.,
OR 0.38, 95%CI 0.13-1.15, p=0.09).

Regarding higher exposure of trunk flexion (> 60° and
>90°), the four studies found no significant association
between duration of this degree of trunk flexion and
LBP.2%*2> Lagersted-Olsen et al.** found no association
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between FWB and LBP
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- FWB not objectively
measured (n=21)

- FWB not measured in the
field (n=6)

- No blue-collar workers
(n=2)

- Identical sample (n=2)

Figure |. PRISMA flowchart of the article selection process.

between time spent in trunk flexion >60° or > 90° and LBP
incidence (HR 0.79, 95%CI 0.58-1.04, p=0.09 and 0.73,
95%CI 0.29-1.59, p=0.45). The study by Lunde et al.?®
showed a non-statistically significant negative associations
between trunk flexion and changes in LBP intensity (i.e., at
6 months, regression coefficient from linear mixed model:
—0.75, 95%CI —1.75 to —0.24, p=0.14 or at 12 months:
—0.79, 95%CI —1.76 to —0.18, p=0.11). The cross-sectional
study from Villumsen et al.>> showed an OR of 0.81 (95%CI
0.28-2.33, p=0.69) and an OR of 0.75 (95%CI 0.24-2.36, p
=0.63) for the time spent in trunk flexion>60° and >90°,
respectively. The study by Coenen et al.> showed a positive,
but non-statistically significant, association between >5%

working time in>60° trunk flexion and LBP prevalence
(OR: 145, 95% C1 0.77-2.73, p>0.05).

Discussion

Results synthesis

This review presents the available evidence on the associ-
ation between objectively measured trunk flexion at work
and the prevalence, incidence or intensity of LBP in blue-
collar workers. These results support the hypothesis that
trunk flexion is not associated with higher levels of LBP
prevalence, incidence and/or intensity. However, based on
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Lagersted-Olsen et
al. (2016)
Denmark

Villumsen et
al. (2015)
Denmark

Lunde et al. (2019)
Norway

Coenen et al.
(2013)
[Netherlands

Outcome Statistical analysis

and report

Y
ement

Figure 2. Assessment of the risk of bias in studies (QUIPS tool, quality in prognosis studies). Colours: Red, high risk of bias; Orange,

moderate risk of bias; Green, low risk of bias.

the small number of observational studies from northern
and western Europe, the certainty of the evidence is low.

There was consistent evidence in the four studies that
time spent in trunk flexion >30° was not associated with
increased risk of LBP. Moreover, there was some evidence
that that more time spent in trunk flexion >30° was asso-
ciated with lower LBP prevalence in two studies, one
with significant results** and one with a general pattern in
all models (albeit non-significant).>> This suggests a pos-
sible protective effect of a small exposure to trunk flexion.

All the evidence regarding exposure to >60° of trunk
flexion also supports that this degree of trunk flexion was
not a risk factor for LBP development or aggravation.
The three studies with low risk of bias and samples of exclu-
sively blue-collar workers strongly supported that trunk
flexion is not associated with higher risk of LBP.***
Yet, results from one study with moderate risk of bias indi-
cated a positive, albeit non-statistically significant, uncer-
tain association between high exposure to trunk flexion
and future LBP.?° Importantly, this study was rated with
high risk of bias for the methods of measurement of trunk
flexion and the study sample, as a percentage of white-collar
workers were included in this study.

Overall, the lack of association in three longitudinal
cohort studies does not support the plausibility of a
causal link between trunk flexion and LBP in blue-collar
workers. These results extend previous systematic
reviews that found similar results with trunk flexion mea-
sured with questionnaires or direct observation in mixed
samples.”'? By including blue-collar workers and object-
ive measures of trunk flexion at work, this review pro-
vides a more homogeneous group of studies while
improving on the limited evidence of a causal link
between trunk flexion and LBP in this particular popula-
tion. In addition to these epidemiological studies,

biomechanical studies have also recently questioned
this association. For instance, multiple studies have sug-
gested that lumbar flexion or trunk flexion was not asso-
ciated with higher loads on spinal structures.”®%’ Finally,
interventions aiming at reducing spinal flexion at work
have failed to reduce LBP.""

Limitations of current research

While current evidence does not support an association
between trunk flexion and LBP, there is some limitations
in current research that need to be discussed.

First, the lack of association could be due to too little
exposure, with the exposure being not high enough to sig-
nificantly influence the outcome.?® For example (other
studies showing similar findings), in the study by
Lagersted-Olsen et al.,** the reported measures for trunk
flexion >60° ranged from zero to 58 min/day with a
median duration of around 7 min/day. This suggests that
our results are valid for a population whose exposure to
trunk flexion >60° does not exceed approximately one
hour per day. It is likely that this is because the four
studies in this review analyzed working populations from
a very limited geographical region: countries in Northern
and Western Europe. Studies from other parts of the
world, such as the USA and India, suggested that the
level of exposure can vary considerably depending on the
studied sample, which could provide different results.?*-°

Moreover, the health effects of exposure to trunk flexion
may be dependent on other variables involved, which is in
line with the biopsychosocial multi-causal model for LBP.?
Coenen et al.?® showed that cumulative low back loads
(including trunk flexion, but not trunk flexion alone) were
a significant risk factor for LBP. Therefore, it can be con-
cluded that increased trunk flexion may be a risk factor
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only if combined with other variables such as rotation and/
or heavy lifting. Furthermore, a cross-sectional study sug-
gested that social support at work influences the association
between trunk flexion and LBP intensity, suggesting that
psycho-social factors might also influence this associ-
ation.>" This is also supported by studies showing an asso-
ciation between spinal movement and psychological factors
such as pain-related fear, catastrophizing and depression.*?

The healthy-worker effect may also yield representation
bias, as companies often offer accommodations to workers
suffering from LBP such as less demanding tasks, work dis-
tribution or even another job. Therefore, it may be possible
that workers most impacted by LBP were not included in
the current evidence.

Finally, it is important to note that prior research has
objectively assessed trunk flexion at work but did not
assess lumbar flexion specifically. Assessing spinal kine-
matics and kinetics at work with detailed biomechanical
models could provide a different perspective on the associ-
ation between trunk flexion and LBP. Given that only four
studies were found in this review, future research with
objective measures of lumbar flexion at work are required.

Strengths and limitations of this review

This review has multiple strengths. It was prospectively
registered, the database search was developed with the
help of a librarian, and the study selection, data extraction
and risk of bias assessment was performed by two inde-
pendent reviewers. Moreover, we only included studies
measuring trunk flexion objectively in real working condi-
tions in blue-collar workers, strongly improving knowledge
on this topic. Three of the four studies used valid and reli-
able accelerometers.>>>> The other study used video ana-
lyses that were described as reliable when following a
standardized protocol.? Another strength of this review is
that most studies considered many relevant confounding
factors for LBP described in the literature in their statistical
analysis, providing robust results. Additional factors such
as socio-economic status and cultural differences should
still be included in future studies, as current data may
limit the generalizability of the findings.

This review also has limitations. First, the main limita-
tion is the limited existing literature, with only four studies
including only populations from Northern and Western
Europe. This is a key limitation to evidence regarding
the association between trunk flexion and LBP. In add-
ition, the diversity in analyses and designs between the
four studies precluded the conduction of a meta-analysis,
which could have provided informative results. Three
studies had low risk of bias, of which one was a cross-
sectional study, and one study had a moderate risk of
bias and did not focus exclusively on blue-collar
workers. In consequences, there is still a need for more
high-quality research in this area.

Implications for LBP prevention at work

The results of our review, if confirmed with future high-quality
studies, suggested, for a European blue-collar working popula-
tion, that the daily duration spent in trunk flexion is not a con-
sistent risk factor for the development or aggravation of LBP.
These findings could have implications on different levels.

First, these results suggest that there may not be a foun-
dation for the historical and still frequent focus on avoiding
trunk flexion in workplaces to prevent and attenuate LBP.
This focus on avoiding trunk flexion might also feed to
the high prevalence of unhelpful beliefs about the fragility
of the back and the needs to protect it among the general
population.>*>* These unhelpful beliefs can increase pain-
related fear and avoidant behaviors, which are important
risk factors for the development of chronic LBP.*?°
Therefore, focusing on limiting trunk flexion in prevention
campaigns might not only be inefficient to reduce LBP, but
may also come with the adverse effect of increasing psycho-
logical risk factors for the development of chronic LBP.

Second, focusing on trunk flexion may hinder interest on
more important risk factors. Regarding biomechanical risk
factors, lifting heavy objects and cumulative loads on the
back seem more important than the trunk flexion only.?**%>7
Therefore, it may be better to recommend variations in load-
carrying tasks to avoid repetitive movements and to limit
heavy lifting (exceeding 25 kg). Beyond this weight, the inci-
dence of LBP would be increased by more than 4%.*°
Moreover, focusing on avoiding trunk flexion may distract
workers from other important health promotion strategies.
The psychosocial aspects of workers appear to have a vital
importance as well. Indeed, recent studies indicated that a
pleasant working environment with sufficient social support
from superiors and engaging in leisure-time physical activity
of low to moderate intensity are key factors to enhance
workers” health.?>*> Therefore, a shift from purely biomechan-
ical prevention strategies, also in blue-collar workers, to a more
biopsychosocial strategy may be warranted, although future
research is needed to test such strategies.

Conclusions

This systematic review summarizes the results of observational
studies on the association of objectively measured trunk flexion
at work and LBP in samples of blue-collar workers. The current
literature, including four studies with populations only from nor-
thern and western Europe, does not support that amplitude and
duration of trunk flexion at work have an independent associ-
ation with LBP in this specific population. This questions the
widely held belief that people should protect their backs by
avoiding trunk flexion, which based on the available evidence,
might not be the best prevention strategy to reduce the burden
of LBP among blue-collar workers. However, based on the
limited number of studies and lack of geographical diversity,
the certainty of evidence is low and additional studies with
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objective measures of trunk flexion in the working field are
strongly needed.
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